Model formulation
The potential energy of the system, V , at any position is the sum of the gravitational and spring potential energies:
The kinetic energy of the system, K , at any position is the sum of the rotational energy of the pendulum and the translation of the COM along the leg as the leg spring compresses:
  
R and  are the parameters of the Lagrangian. The equations of motion are described by two coupled differential equations: 
Rearranging and simplifying the above equation gives the evolution of ARSLIP 2 sin 2
Derivations for gait criteria 
Since the ground reaction force must also account for the weight of the COM, the force acting on the ground, in units of weight, becomes:
where the term 1 is the non-dimensional gravitational force. Substituting Eqns 21 and 22 to the previous equation and simplifying yields:
is the sum of the forces produced by the leg spring and the angular spring projected on the vertical. 
for the criterion where the vertical ground reaction force is convex at mid-stance.
Approximate time period from dynamics
Per Eqn 7, the evolution of the leg length r is:
Assuming small angles  and that the change in angular velocity  is small, the previous equation reduces to
Rearranging the equation leads to the following nonhomogenous equation: 
The single support stance time, T, can be approximated from the model parameters by the full angle of sweep,  , and the angular velocity, Ω :
As such, the relationship between the oscillation time period and the single support duration can be found by regressing one against the other:
where c is some constant. Rearranging the terms and squaring both sides yields: 
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). The mixed effects model could account for 70% of the variability of the angular spring by taking into account the speed and the individual subjects. This is consistent with the notion that the angular spring is needed to mitigate unduly large destabilizing effects of gravity on the COM during slower locomotion. For the leg spring, the best fitting model was of the from: Black represents the minimum VGRF criterion boundary, blue the velocity criterion boundary, and green the height criterion boundary. The red line separates the concave and the convex VGRF regions, with the convex region where VGRF is minimum denoted by the red arrows. C. This depicts the minimum and maximum Froude numbers for the gaits that meet the Vr, Hr, and Gr constraints in solid black, while the red line represents additionally meeting the VGRF concavity criterion. For each α, γs and Ω were varied to obtain the slowest and fastest steps. ro was fixed to 0.88 like in A and B. D. Analogous to A, a sequence of 2D colorcontour plots depicting the Froude number for the color contour plot for the allowed gait parameters γs, α, and Ω with the vertical midstance height ro is fixed at 0.88 and γa set to 0.5. E. 2D contour plot of the α = 20 degrees slice for ro = 0.88 and γa = 0.5 as in panel A. Similar to 2B, black is the boundary of the minimum VGRF criterion, blue the velocity criterion, and green the height criterion. The dotted line represents the region where the velocity at end of stance equals the midstance velocity. Red arrows indiciate the region where the vertical ground reaction force is minimum, while blue arrows point to the region where the velocity at midstance is less than the velocity at the end of single support. Contour lines represent the Froude number of the allowed gaits. F. This depicts the minimum Froude numbers for the gaits that meet the Vr, Hr, and Gr constraints, plotted against α and γa with a fixed ro of 0.88 and minimizing over the other parameters. As γa increases, the slowest steps that can be modeled decrease. Figure S5 : SLIP and ARSLIP fits to individual trials for Subjects 7 and 8. For each panel, the experimental data is plotted in black, the SLIP fit is in red, and the ARSLIP is in green. For the GRF fits, the GRFs are normalized to subject weight and are plotted versus time. The COM displacement is plotted relative to the midstance position.
